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REMARKS 

Claims 88, 90, 91, 97, 99, 105, and 106 were canceled, and new claims 107-188 added. 
New independent claims 107, 112, and 1 19 are supported by the data shown in Figs. 2 A, 2B, 
and 3 as well as by disclosure on page 9, lines 9-30 of the specification; page 13, lines 28-32 of 
the specification; page 16, lines 1-31 of the specification; and page 76, line 1, to page 80, line 5, 
of the specification. Claims 1 12 and 1 19 are fiirther supported by disclosure on page 70, line 16, 
to page 72, line 4, of the specification. Dependent claims 108-1 11, 113-116, and 122-125 are 
supported by disclosure on page 21, line 16, to page 22, line 6, of the specification. Dependent 
claims 117 and 1 18 are supported by disclosure on page 13, lines 2-7 of the specification. 
Dependent claims 120 and 121 are supported by disclosure on page 8, lines 9-17 of the 
specification and on page 21, line 16, to page 22, line 6, of the specificafion. 

No new matter has been added by this amendment. 

Double Patenting 

Claims 97 and 99 were provisionally rejected for double patenting in view of claims 7 
and 9 of copending application USSN 08/937,755 (the '755 application). Claims 97 and 99 have 
been canceled; therefore, this rejection should be withdrawn. 

Claims 90, 91, 105, and 106 were provisionally rejected for double patenting in view of 
claims 1, 3-7 and 9 of copending application the '755 application. Claims 90, 91, 105, and 106 
have been canceled; therefore, this rejection should be withdrawn. 

The claims of the '755 application are drawn to methods of treating amyotrophic lateral 
sclerosis and spinal injury. The new claims are drawn to methods of stimulating N-CAM 
production and decreasing neuronal cell death using morphogens which stimulate N-CAM 
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production. Therefore, Applicants submit that the new claims are patentably distinct over the 
claims of the '755 application. 
35 U.S.C. 102 

Claims 90-91 and 105-106 were rejected for anticipation by Harland et al. The rejected 
claims have been canceled. 

Harland et al. described a morphogen, dorS, which allegedly has a sequence which at least 
70% homologous to the C-terminal seven cysteine domain of OP-L The new claims specifically 
recite morphogens which stimulate N-CAM production. Dependent claims require that the 
morphogens contain specific amino acid sequences defined by SEQ ID NO: 5 or 6. Harland does 
not anticipate the new claims because Harland does not disclose or suggest that dor3 stimulates 
N-CAM production, nor is there any evidence that the sequence of dor3 is identical to amino 
acids 38-139 of SEQ ID N0:5 or 6, as is now required by the new claims. 

35 U.S.C. 112 

Claims 88, 90-91 and 105-106 were rejected for new matter/lack of written description. 

As is discussed above, the rejected claims were canceled. New claims 107-125 are 
supported by the specification as recited above (in the Remarks section of this submission). 

The claims were also rejected for overbreadth. On page 6, lines 2-7 of Paper No. 18, the 
Examiner states: 

The specificafion, while enabling for claims limited to methods of using OP-1 of claims 
SEQ ID N0:2 to induce N-CAM and LI expression in NG-108 cells in vitro, does not 
reasonably provide enablement for "treating/preserving motor function/restoring motor 
function" in a mammal afflicted with ALS/spinal cord injury, or for using structurally 
uncharacterized morphogens or biologically functional equivalents thereof to accomplish 
such. 
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The amended claims are drawn to methods of stimulating production of N-CAM in 
neuronal tissue (claim 1 12 and those which depend from it) and methods of decreasing neuronal 
cell death (claims 112 and 119 and those which depend from them). 

Example 6 describes N-CAM production by NG108 cells (Figs. 2A-B). Fig. 3 shows 
increased neuronal cell aggregation, an indication of neuronal cell viability and integrity. 
Applicants submit that NG108 cells are an art-recognized model for neuronal cell function. In 
fact, NG108 cells have been used by those skilled in the art as a model for neuronal cell fimction 
to study neurodegenerative diseases (e.g., Gangliosidosis, Alzheimer's Disease and Parkinson's 
Disease) as well as to study the effect of chemical and physical injury or trauma. For example, as 
far back as 1987 in a paper entitled "Inactivation of GMl-gangliosie beta galactosidase by a 
specific inhibitor: a model for ganglioside storage disease", NG108 cells were used to establish 
an in vitro model for human ganghoside storage disease (Singer et al., 1987, Ann. Neurol. 
21:497-503 Appendix A), and in 1992 in a paper entitled "Ethanol-responsive gene expression in 
neural cell cultures", NG108 cells were used as a model for ethanol-induced injury and changes 
in gene expression (Miles et al., 1992, Biochim. Biophys. Acta 1 138:268-274 Appendix B). In 
1992 in a paper entitled "Alzheimer disease brain extract stimulates branching of laminin- 
mediated neuronal processes", the cells were used to study neurotrophic effects of Alzheimer's 
Disease brain extracts on neuronal cells (Kittur et al., Alzheimer Dis. Assoc. Disord. 6:103-1 10 
Appendix C), and in 1993 in a paper entitled "Dopamine transporter expression confers 
cytotoxicity to low doses of the parkinsonianism-inducing neurotoxin l-methyl-4 
phenylpyridinium", the cells were used to establish a model for Parkinson's Disease. (Pifl et al., 
J. Neurosci. 13:4246-4253 Appendix D). In 1996 in a paper entitled "Acute Alterations in 
[Ca ]i in NG108 cells subjected to high strain rate deformation and chemical hypoxia: an in 
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vitro model for neural trauma", NG108 cells were used in an in vitro model for neuronal injury 
(Cargill et al., 1996, J. Neurotrauma 13:395-407 Appendix E). Since the filing of the 
application, hundred of research papers have been published using NG108 cells as a model for 
neuronal function and to study various neurological disease states. 

Since the priority date of the present application, induction of N-CAM production by 
morphogens, e.g., BMP2, BMP4 (a.k.a., BMP2B; see page 23, line 15, of the specification), 
BMP-5, BMP-6, and OP-1 (a.k.a. BMP-7), has been confirmed (see, e.g., Perides et al., 1994, J. 
Biol. Chem. 269:765-770; copy provided in Appendix F). Therefore, one skilled in the art would 
readily acknowledge that data obtained in vitro using NG108 cells are predictive of the behavior 
of neuronal cells in vivo 

Moreover, morphogen enhancement of neuronal cell survival was evaluated using 
primary neuronal cells, e.g., primary cultures of striatal basal ganglia isolated fi"om the substantia 
nigra of adult rat brains. These data, which are described in Example 3 (page 70, linel6, to page 
72, line 4, of the specification) indicate that cell death decreased significantly in a dose- 
dependent manner in the presence of a morphogen. hi contrast, in the absence of the morphogen, 
the cultured primary cells dissociated and underwent cell necrosis. 

Li view of the description of the methods provided in the specification and the collective 
data regarding N-CAM production and the enhancement of cell survival in vitro. Applicants 
submit that the methods, as now claimed, comply with the requirements for enablement required 
by the statute. 
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CONCLUSION 



Applicants file concurrently herewith a petition for revival, together with a check for 
$620.00 to cover the fee pursuant to 37 C.F.R. § L37(b). The Commissioner is hereby 
authorized to charge any deficiency of same, or credit any overpayment, to Deposit Account No. 
50-031 1 (Reference No. 00960-504 FWCCN2). 

On the basis of the foregoing amendments and remarks, Applicants respectfiiUy submit 
that the pending claims are in condition for allowance. If there are any questions regarding these 
amendments and remarks, the Examiner is encouraged to contact the undersigned at the 
telephone number provided below. 



Respectfully submitted. 




Ivor R. Ebifi, Reg. No. 39,529 

Ingrid A. Beattie, Reg. No. 42,306 

Attorneys for Applicants 

do MINTZ, LEVIN 

One Financial Center 
Boston, Massachusetts 021 11 



Tel: (617) 542-6000 
Fax: (617) 542-2241 



Date: June 29, 2001 
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APPENDIX 

107. A method for stimulating a Neural Cell Adhesion Molecule (N-CAM) production in a 
neuronal cell, comprising contacting said neuronal cell with a morphogen selected from the 
group consisting of an OP-1 polypeptide, a CBMP2A polypeptide, a CBMP2B polypeptide, a 
BMP-5 polypeptide, and a BMP-6 polypeptide. 

108. The method of claim 107, wherein said OP-1 polypeptide comprises the amino acid 
sequence of residues 38-139 of SEQ ID N0:5. 

109. The method of claim 107, wherein said OP-1 polypeptide comprises the amino acid 
sequence of residues 38-139 of SEQ ID N0:6. 

110. The method of claim 107, wherein said OP-1 polypeptide comprises the amino acid 
sequence of SEQ ID N0:5. 

111. The method of claim 107, wherein said OP-1 polypeptide comprises the amino acid 
sequence of SEQ ID N0:6. 

112. A method for decreasing neuronal cell death associated with a neuropathy, comprising 
contacting said neuronal cell with a morphogen which stimulates N-CAM production, said 
morphogen being selected from the group consisting of OP-1 polypeptide, a CBMP2A 
polypeptide, a CBMP2B polypeptide, a BMP-5 polypeptide, and a BMP-6 polypeptide. 
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113. The method of claim 112, wherein said OP-1 polypeptide comprises the amino acid 
sequence of residues 38-139 of SEQ ID N0:5. 

1 14. The method of claim 1 12, wherein said OP-1 polypeptide comprises the amino acid 
sequence of residues 38-139 of SEQ ID N0:6. 

115. The method of claim 1 12, wherein said OP-1 polypeptide comprises the amino acid 
sequence of SEQ ID N0:5. 

1 16. The method of claim 1 12, wherein said OP-1 polypeptide comprises the amino acid 
sequence of SEQ ID N0:6. 

117. The method of claim 112, wherein said neuropathy is amyotrophic lateral sclerosis. 

118. The method of claim 112, wherein said neuropathy is selected from the group consisting of 
Alzheimer's Disease, Huntington's chorea, and multiple sclerosis. 

1 19. A method for decreasing neuronal cell death associated with a chemical or physical injury, 
comprising contacting said neuronal cell with a morphogen which stimulates N-CAM 
production, said morphogen being selected from the group consisting of OP-1 polypeptide, a 
CBMP2A polypeptide, a CBMP2B polypeptide, a BMP-5 polypeptide, and a BMP-6 
polypeptide. 
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120. The method of claim 119, wherein said neuronal cell is contacted with said morphogen 
prior to said injury. 

121. The method of claim 119, wherein said neuronal cell is contacted with said morphogen 
after said injury. 

122. The method of claim 1 19, wherein said OP-1 polypeptide comprises the amino acid 
sequence of residues 38-139 of SEQ ID N0:5. 

123. The method of claim 119, wherein said OP-1 polypeptide comprises the amino acid 
sequence of residues 38-139 of SEQ ID N0:6. 

124. The method of claim 119, wherein said OP-1 polypeptide comprises the amino acid 
sequence of SEQ ID N0:5. 

125. The method of claim 119, wherein said OP-1 polypeptide comprises the amino acid 
sequence of SEQ ID N0:6. 

TRA 1453899v2 
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Related Articles, Books. LinkOut 



Inactivation of GMl-ganglioside beta-galactosidase by a 
specific inhibitor: a model for ganglioside storage disease. 

Singer HS, Tiemeyer M, Slesinger PA, Sinnott ML 

This study was designed to establish an in vitro model with biochemical 
and morphological similarities to the human neurodegenerative disease 
GMl gangliosidosis. Utilizing a specific inactivator of the lysosomal 
enzyme GMl-ganglioside beta-galactosidase (beta-D- 
galactopyranosylmethyl-p-nitrophenyltriazene [beta-GalMNT]) and 
neuroblastoma X glioma hybrid cells (NG108-15), we suppressed beta- 
galactosidase activity for up to 72 hours. Coincidental with suppression 
of this enzyme to levels less than 1% of control, we found up to a nine- 
fold accumulation of its substrate, the GMl-ganglioside, and the 
ultrastructural appearance of membranous cytoplasmic bodies, beta- 
GalMNT treatment suppressed growth but had little effect on the specific 
activity of choline acetyltransferase, lactate dehydrogenase, or other 
lysosomal enzymes including galactosylceramidase. This model should 
permit studies of the neurophysiological effects of increased ganglioside 
accumulation and their reversibility. 

PMID: 3035998 
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r 1: Biochim Biophys Acta 1992 Apr 14;1138(4):268-74 Related Articles. Books 
Ethanol-responsive gene expression in neural cell cultures. 
Miles MF, Diaz JE, DeGuzman V 

Department of Neurology, University of California School of Medicine, 
San Francisco. 

We have studied the molecular mechanisms underlying neuronal 
adaptation to chronic ethanol exposure. NG108-15 neuroblastoma cells 
were used to perform a detailed analysis of ethanol-induced changes in 
neuronal gene expression. High resolution, quantitative two-dimensional 
(2-D) gel electrophoresis of in vitro translation products showed both 
dose-dependent increases and decreases in specific mRNA abundance 
following treatment with ethanol at concentrations seen in actively 
drinking alcoholics (50-200 mM). Dose response curves for 
representative members of the increasing or decreasing response groups 
had very similar profiles, suggesting that similar mechanisms may 
regulate members of a response group. Some mRNAs that increased with 
ethanol treatment appeared identical to species induced by heat shock 
while other mRNAs were only induced by ethanol. We conclude that 
chronic ethanol exposure can produce specific coordinate changes in 
expression of neuronal mRNAs, including some members of the stress 
protein response. However, the overall pattern of ethanol-responsive gene 
expression is distinct fi-om the classical heat shock subgroup of stress 
proteins response. Changes in gene expression and specifically, 
mechanisms regulating a subset of stress protein expression, could be an 
important aspect of neuronal adaptation to chronic ethanol seen in 
alcoholics. 

PMID: 1562614 
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Related Articles, Books, 
LinkOut 



Alzheimer disease brain extract stimulates branching of 
laminin-mediated neuronal processes. 

Kittur SD, Endo H, Adler WH, Martin GR, Markesbery WR, 
Kleinman HK, Weeks BS 

Gerontology Research Center, National Institute on Aging, National 
Institutes of Health, Baltimore, Maryland. 

Patients with Alzheimer disease (AD) suffer mental deterioration 
associated with neurofibrillary tangle and senile plaque formation in the 
brain. Here we have determined the effects of brain extracts from normal 
and from AD patients on neuronal process formation by a 
pheochromocytoma (PC- 12) and a neuroblastoma x glioma hybrid cell 
line (NG108-15). PC12 cells show a dose-related stimulation of 
branching of neuronal processes by AD brain extracts with cells cultured 
on a laminin substrate. The neurotrophic effects of extracts of AD brains 
may be related to the abnormal sprouting and neurofibrillary tangle 
formation observed in the brain in this disorder. 

PMID: 1389079 
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Dopamine transporter expression confers cytotoxicity to low 
doses of the parkinsonism-inducing neurotoxin l-methyl-4- 
plienylpyridinium. 

Pifl C, Giros B, Caron MG 

Howard Hughes Medical Institute Laboratories, Department of Cell 
Biology, Duke University Medical Center, Durham, North Carolina 
27710. 

The uptake of l-methyl-4-phenylpyridinium (MPP+), the active 
metabolite of the parkinsonism-inducing neurotoxin 1 -methy 1-4-pheny 1- 
1,2,3,6-tetrahydropyridine (MPTP), was studied in various mammalian 
cell lines transfected, respectively, with the cloned human and rat 
dopamine transporters, and compared with rat striatal synaptosome 
preparations. Only in neuronally derived cell lines such as NG108-15, 
NS20Y, and SK-N-MC cells did MPP+ have a KM for the cloned 
transporters comparable to that of dopamine as seen in rat striatal 
synaptosomes. In non-neuronally derived cells such as COS-7, CHO, and 
Ltk- cells transiently or permanently expressing the transporters, the KM 
of MPP+ was at least 10- fold higher. The permanent expression of either 
the cloned human or rat dopamine transporters conferred to SK-N-MC 
cells susceptibility to the cytotoxic effects of low concentrations of 
MPP+. The extent of this effect was dependent on the expression level of 
the dopamine transporters and could be specifically antagonized by the 
catecholamine uptake inhibitor mazindol. There were no significant 
differences in the susceptibility to MPP+ of cells expressing similar 
levels of either the human or rat dopamine transporter. The 
demonstration for the first time of a quantitative relationship between the 
cellular expression of the plasma membrane transporter and the extent of 
the cytotoxic effects of MPP-f suggests that known differences in 
vulnerability of various brain regions to MPP+ cytotoxicity might be 
related to their actual content of dopamine uptake sites. (ABSTRACT 
TRUNCATED AT 250 WORDS) 

PMID: 8410185 
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r" 1: JNeurotrauma 1996 Jul;13(7):395-407 ^^'^^^^ Articles, Books. LinkOut 

Acute alterations in [Ca2+]i in NG108-15 cells subjected to 
high strain rate deformation and chemical hypoxia: an in 
vitro model for neural trauma. 

Cargill RS, Thibault LE 

Department of Bioengineering, University of Pennsylvania, Philadelphia 
19104, USA. 

The short-temi (less than 2 min) alterations in the intracellular free 
calcium concentration in differentiated NG108-15 (neuroblastoma cross 
glioma) cells exposed to dynamic mechanical deformation with and 
without superimposed chemical hypoxia were determined. A previously 
developed device, modified for these studies, was used to apply 
deformations at a magnitude and rate representative of those experienced 
by neural tissue in Traumatic Brain Injury. Chemical hypoxia was 
imposed using a combination of 2-deoxy-D-glucose and salicylate, 
anaerobic and aerobic metabolic blockers, respectively. Real time 
measurement of intracellular free calcium concentration using Fura-2 and 
a custom epifluorescence microscopy system provided a quantitative 
index of cell response. At high rates of deformation (approximately 10 
sec-1), increases in intracellular free calcium concentration were 
exponentially related to the magnitude of the applied deformation. 
Chemical hypoxia had no effect on this acute response. At low rates of 
deformation, small increases in intracellular free calcium concentration 
were independent of the magnitude of the deformation. These findings 
indicate that strategies for reducing severity of TBI should focus on 
minimizing the rate of deformation of neural cells. Together with data 
from animal, physical, and finite element models, these data can be 
employed in the development of physiologic injury tolerance criteria for 
the whole head. 



PMID: 8863195 
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Begulatioii of Neural Cell Adhesion Molecule and LI by the 
Transforming Growth Factor^^ Superfsunily 

SELECTIVE EFFECTS OF THE BONE MORPHOQENETIC PROTEINS* 

(HeeeivtMl for pabHcatian, August 2, 19dd, and in revised iarm, September 3, 19d3) 

G«ofrge FeTide6|§, Rebecca M. SafranUi, I^u Ann DowmngHllt and Michael £. CharneBSUlf 

From the ^eporfmc/ic of Pathology, Haruard Medical School, Boston, Massachusette 02125, the ^Spinal Cord Injury 
Laboratory, DeparCrmTit of^terons Affairs Medical Center, W&^t Rozbury, Massachusetu 02232, the Wepartment of 
h/eurology and Progrom in Neuroscience^ Harvard Medical School, Dwieton <jf Neurology^ Bri^ham and ^omen's 
Hospital, Boston, Massachusetts 02116, and the ftSectton of Neurology, Department of^ierxuv Affairo Medical Center, 
West Roxbury. MossothuxetU 02J32 



The tranfiformiiifir growth tactoT^P (TGy-0) mxperfexn- 
ily plays a sxile in embryogenesis and regeneration. We 
have reported that osteogenic protein-1 (OP-1) proznotos 
cell aggregation and induces the expression of the neu- 
ral ^aU adhesion moleonles N-CAM and LI in proliferat- 
ing neoroblastotna x gUoma hyliridNGl08-16 cells (Peri- 
des, On Sa^ran, R. Rneger, and Charaess* M. £. 
(1992) Proc. NatL Acad, Sci. U. S. A. 89, Peri- 
des, Hu, Hn«g«i*, D. and Cham«flfl, M. E. (IMS) 
</« BicL Chem, 268, 25197-25205). Here we show that the 
diracturally hoxnologotta bone morphogeuetic proteins 
CBMF) BMP-2 and EMP-4 are 10-60-fold more potent in 
these actions than th« mbfafflily coidi^fling BMP-fi, 
BMP-6, and OP-1 (BMP-7). In contrast, naembers of the 
TOF-j? subfamily, activin-A, inhibin-A, and 29 additional 
growth factors and cytokines did not Indnce N-CAM. 
The addition of aenun to cells growing in senim-fir^e 
medinm caused a concentration' dependent increase in 
N-CAM and JJl expz^ession; howevei^ serum did not po- 
t«ntiflt« the induction of N<GAM and LI hy 40 ng/ml 
OP-1. These Hndings suggest the presence in NG108-15 
cells of a BMP-2/BMP-4 receptor that discriniinateo 
subtle differences in structure among homologous mem- 
bers of the TGr*P fiuperfamily. An endoganous ligand for 
this receptor may be present in serum. 



The TGF-P* euperfamily plays an important role m the de- 
velopment, difierentiation. and repair of diveree tifieues (1). 
Thia auperfamily is defined by a comman structural element, a 
7—9 cysteine domain in the C-terminal region of the mature 
protein (1), Eased on sequence homology in this domain, the 
TGF-p auperfamily has been subdivided into aeveral suhfami- 
Ues (1-6): the TGF-0 subfamily (TGF-01, -2, -3. -4, -o); thfl 
inhibin/activin subfamily (inhibin-A» inhibin-B, actirin-A, and 



' Thid work waa auppgrted by Oranta AADS662 (to M. E. C.) and NB 
13034 (to Dr. Amico Bignami, Harvard Medical School) and the Madical 
Re^eeLTch Service, Departznent of Veterans AffaixB. The coata 6f publi- 
cation of tbifl article were dftfrajed in part by the payment of page 
chQTf «. Thia article mu3C therefore be hereby marked "aduertiaemenf 
in aocardflnca with 19 XT.S.C, Sectioo 1734 solely to indicate thia fact 

** To whom correspondence abouJd be addreaaed: Dept. of Neurolo^ 
(127), Harvard Medicai School, 1400 VFW Paikw^, Boawn, MA 02132. 
'VcU 617-325-2815; Fax: ei7-3Z3'770O (ejO. 5033)- 

^ Tt\e abbreviations uaed ar6; TGF-3, txAndbrming fiWth factor-p; 
BMP, bone morpho^enetic proteina; dpp, decapentaplegic compleic; 
EGF. epidermal growth factor; FGF, fibroblast growth facwn hOP-1. 
recombinant human ostco^nic proiein-l: IgCAM. immunoglobuUa ou- 
perfamily cell adheaioQ tnnlecula; mAb, monodoaal antibody; N<CAM, 
aeurai cell adheoion molecule, NGF, noive growth factor phos- 
phate-buffered jfthne; ELISA. eniyme-Unked immauoeorbent osdoy. 



aetivin-B); MfUlerian inhibiting substance; and thG dppfWg-rG- 
lated subfunily (decapentaplegic complex (dpp) and Vgr/60A 
immDrosophila jnelanogaster^ Vgf-1 &0mXfinopU9 loevU, Vgr-1 
and GDF-1 from moase, osteogenic proteina-l and 2, the bonis 
morphogenetic proteinB (BMFs) 1 through 7. and dorealin-l). 
The BMF subfamilT can be farther subdivided into two aob- 
^Oupo; BMP-S/BMP-6mMP-7 (OP-1) (7). 

Various members of the dppf^g~l subfamily ara morpho^enfttS- 
cally active in the developing nervous eyetem oad in bone. For 
example, the BMPs etim,n1nhe endochondral bone formation (6), 
but have also been identified ae morphog«ns and differentia- 
tion factors in neural cells (3, 4, 9, 10). 

Cell adhasion moleenlaa are important mediators of cell-c^ 
interactions during exnbxyog^Odie and tissue repair (11). In- 
deed, the neural cell adheoion molecule N-^^AM is induced by 
TGP-p in 3T3 fibroblaat3(l2), by activin in devaloping limb 
buds <13) and by OP-1 (BMP-7) in neuroblastoma x glioma 
NGlOS-15 hybrid calls (10). Thase obaervationfi imply that a 
difltinrt signaling pathway may couple the TGF-$ superfamHy 
to the induction of cell adhesion molecules in masenchymal and 
neural tisane. The ligand apecifidty of the receptor or receptors 
mediating this response i& unJcnown^ Here we demonstrate that 
the BMPs differentially induce morpholoeical changes and in- 
Ci^aae the exprsaaion of N-CAM and LI in NG108-15 cells, 
whereas the TGF-Pe, aistivin-A, inhibin-A, and a large number 
of other growth &ctor8 and cytokines are inactive. 

EXmUMENTAL PROCEDOTES 

Materials — Rat mooiMldneJ antibody (mAb) a^einstX-CAM 
(14) WM pnrdiiBad fenn AMAC Inc. (Weatbrook, ME) and mAb SBfi 
from thfi Developmental Studies Hybridoma Bank (Iowa City, lA). mAb 
74-5H7 mgainst lA (15) & genBroiu from Dr, V Lemmon. Case 
Western Reserve, Cleveland, OH. ^"I-Goat anti-rat antibody was o^ 
tained from ICN Bioin*dicala (Irvine, CA), and horseradish pen3)dda9e- 
couiugated goat anti-moofie was from TAOO (Bxirlingame, CA). Fetal 
bovine, newborn call and adult bovino sera wai-b pirrchased from lo- 
ter^an (Porxiiase, NY), Epadermal growth factor (EGF) and 2.5 S nenrc 
growth factor (NGF) were pcrchased from Life Technologies. Inc. Re- 
combinant human OP-1 (hOP-1) was Idndiy provided by Dr. DaTid C. 
Rueffer, Creative BioMoleculae (Hopkinton. MA) aiid waa isolated ai 
described (16). (Senerous gifts of additional rooomfainaot grcnvTh factors 
w6rt jirtvided AS foUotPs: recombinant human BMF'2, BMP-4, BMP-5. 
and BMP-e wart from Dr. John Wozncy, Geuetica Institute (Cambridge, 
MA); recombinant human octivin-A and inhSbin-A ^^crc from Dr. Ralph 
Schwall, Oenentach (South Sftn Frandfico. CA>. dpp and 60A were fttim 
Dr. Michael HoCfman, Univtraity of Wiaconain (Madiaon^ WI); and the 
remaining human recocnbinant growth factors and cjtokinea were fhan 
Dr. Monica T^ang, R&D Systems (Minna apoUs. MN). All other chami- 
cala wore pMTcba^ed from Sigma and were of reagent ^de. 

Cell Cu/ti»r»-^GX0&-l6 cells of poflaagaa 21-30 were cultured in 
wrum-free medium as described ( 10). Prior to subculture, the cells were 
mechanically die parsed until aingle. Cells were photographed at a raag- 
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mfifaitinn of x 200 nziddr phase oan; |H^9C9pr. BocBXLse BMP- 
trt«tad cdla grmr in cJ uatax B, MXita x oHdS CO&tdnad dnatttfl of 
large nmnbets of cells wfaile othen ehorwed fcw; tbszofim!, the X^Obi^ 
gnplw ^ not auLmataly reflect ceU QQjoqbcXi wfaich was not i&flttenaed 

Marphogtnatic Aetioas cfhOF'l^Tmi days after tlie additxan of le- 
cmnhhiaTTt sz^iwih ^cton, sabanxfloeut <<50%> cdb viewed at x 100 
nflgpifiratjftn were aoired fcr the prrwfffr of coll chutorc A cell dmtar 
was defix^ fis & groop of thzee or Bore eella that adhered to «eeh other 
alodg «t least one-quAXter of the oeB dlamefaBr. Adherenc poira of csQs 
Miiit excluded from tfaia dofitritiftn betaitiiia matvy conabted of pofc* 
mitotic pfiixa wfajdi, in tlie nbaenflfl of growth 'C&CtOrt, wentajJly ft^pa* 
rated. Ilie peroBntagB of oeUa in ^ufltCTQ wais calculated \yj dividing the 
nnmber of celU y ieae at in dusters by the total nmnber of cells (Ifio^ 
200) in eftch of two roi^doisaiy ulMtd fielda. Valuer obtained for the two 
fields were avoraged and dxHored bjr up to 1$%. 

SLISA fbr y^*CAAf— LfiYela of N-GAM were quantitatod uaing an 
ELISA aa described (17, Ifi), with, the ibUowin^ modiiicadoDg. lb dexer- 
mioe the lujeaTit7 of the a^y with rospecx to coil number NO108-16 
eellA were cultuj^&d far 3 days in TS-cm' flasks in the abs^ce and 
pr^aence of 40 nghnl hOP-1, 18 h before aaaay, duplicaio samples of 
6,000-90,000 cella/well were plated ixx polr-^^ysme-coated 96-weU traye 
in the continued presence of hOP-1. Tb detcnnine the efiects of gftVwth 
fketors on N^CAM e^qpresaion. duplicate samples of cells were plated 
96-weli trays at a density of 4^600 cella/well asd incubated for h 
in aenxm-free mfldmm. f\iIlowin^ the addition of g^mwth Bactcra. the 
medimn was replaced daily. K-CAM was aiA^yed after 3 days of treat- 
ment with growth factow. Cells were fixftd by incuhatinff twice for 30 
i&in at 4 *C In 100 )il ^tf* ioe-eold mAthanoI* waahed three dmee with 

PfiS, blocked with 10% mm-Tat dxj zznlk in |>B5 for I h, and waAh£»d 
three additional timsfl with PBS. Cells were then incubated for 1 h at 
room teniper^tuxe in 100 ul cf FBS containing 5% fetal borine aermn 
eupplmented with the phmozy antibody (1:2*000 dilution of anti-K* 
CAM mAb 5B8), washed three times in PBS, and incubated an addi- 
tional 1 h at room temperature in lOQ pi of FBS containing 6% fetal 
bovine aerum supplemented with the secondary antibody (1:1,000 dihi* 
tioD of goat ann-mouse IgO and eoQjtx^ted to horeeradish p«nEd- 
daae). The eoUa -wctb waahed an additional three times with PBS. Cglor 
waa deYeloped by adding 100 pi of 60 m^dl of 5-aminoe*licylic acid in 
0.02 K moDobaaic sodium phosphate. pH 6.0, cQntaimng 0.02% HtO^, 
and the optical denaity waa mcasrured at 490 mn. The reaction whs 
linear with respect to caH number between 6,000 and 50,000 ceUs/weU. 
Nonspecific color raactiaci, determined b j omitting the primary anta- 

body in duplicate weUa, waa ^nbtracted from the total optical density for 
each sample. AH valuea are ezpreaaed leladve to control vahids meas- 
ured on the same txay. 

Western Blot AnalysiB — Weatezn blots of total ceU protein were per* 
formed using mAb H2fi-123 for N^AM and mAb 74-5H7 for LI, as 
deoctibed (10. 19). 

HESDLTS AND DISCUSSION 
idorphogenetic Activity of the BMPs in NGI08-J5 CeiZa—We 
showed previoufly that hOP-I induces the expression of the 
immunogflohulin doperfftmily cell adhesion moleculeo (IgCAM) 
N-GAM and LI in dividing NG108-15 calls, leading to a con- 
oentTBtaon-dependent increase in the percentage o£ Tpella pre- 
flant in adherent duflterg and epithelioid sheets CIO, 19). lb 
det^nniae the mOrphOgenetiQ activity of other members of the 
TQF'$ snperfamily. NG108-15 cells were incubated for 2 days 
in aerum-frec medium supplomented with 1 or 10 ngted of 
varioua BMPs or TGP-/31 and scored for the presence of adher- 
ent dusters of cells. At 10 ng/ml, all of the BMPs induced 
cluster formation C^^- 1)- However, at 1 og/ml, BMP-2 and 
BMP-4 were more effective in promoting cell clustering than 
BMP-5, BMP-6, and OP-1. In contrast, TGF-$1 waa morphoge- 
aetically inactive at Concentrations ranging from 0.01 to 40 
ngfml. 0P*1 did not change the rate of NOlOft-15 cell division 
(19) and treatment with the BKCPe did not significantly afiect 
the protein content per well (BMP-2, 104-13% control; BMP-4, 
94 * 13%; BMP-5. 91 s 11%; BMP-6. 126 = 14%; OP-1 (BMP-7) 
96 ± 2%; n = :V-S). These data suggest that in NG108-15 cells, 
the morphog:enetic activity of the TGF-^ superfamily increases 
as a function of structural homology with the BMP-2/BMP-4 
subfamily and is not related to effects on cell growth. These 
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Tip. L Morphological etfaeta of the BM£*8 In NQlOS-lfi ceUa. 
Phoiomicmgrapha of NG10&-15 cella cultured for 2 days in aeram-free 
medium in the abaoncs (a) and presence of X of BMF-4 ib\ 1 ng<ml 
BMP-6 (c), and 40 n®^ml TGF-Bl (d). Lower conceatrations of TGF-ei 
were also morphogBnatLcally j^^a^ve. Note that the TGF-0-troated 
cells, while present at a gixatar density in the field shown, do not form 
more duaiera than the oontrol cells, e, KG108-15 cells wew cultured in 
sermn-&ee medium in the abaonoo and presence of 1 or 10 n^/mi of the 
indicated recombmaiit human growth factors. The pcroencage of cells 
present in adherent groups of three or mora cells (chiaten) was deter- 
mined frota two auhconfluent 6elda of at least 150 cells dec "Experi- 
mental Procedures'T. The total number of cells in th« two fielda d4d ng^ 
dififer among control and BMP-treated celb. 8hown are the mean :r S.E. 
percentage of ceQs present in duaters from three to fimr independent 
experimente. Tbks two control values are from duplicate seta of experi- 
ments. 



experiments also suggest that the ariorphoregulatory activity of 
the BMPfi is mediated by a distinct receptoKs) from that which 
recognixeg the TGF-0 subfamily. Additional evidence for the 
existence of distinct OP-1 and TGF-(3 receptors derives from 
studies in cultured osteoblasts. Whereas both hOP-1 and 
TGF-pl promote the proliferation of osteoblasts in culture, only 
hOP-1 stimulates markers of the osteoblast phenotype (16). 

Sffhcts of thA TGF'^ Superfamily on N-CAM and LI Exprta- 
sion — ^ITie morphoregulatory actions of hOP-l are mediated in 
part by the induction of N-CAM and LI (10, 19). To determine 
whether the variable morphogenetic activity of the TGF-^ su- 
perfamily is due to differential inductiim of IgCAMs, we cul- 
tured NG108-15 cells for 3 days in the absence and presence of 
mambers of the TGF-i3 superfamily and measured levels of 
N-CAM and LI by ELISA and Western blot analysis. Of several 
antibodies tested, the best results for the ELISA detection of 
N-CAM were obtained using mAb 5B8. which recognizes the 
cytopla$uiic domain present in N'CAM-140 and N-CAM-lSO, 
but not N-CAM- 120. lb coniirm that the ELISA was linear with 
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Fic 2. EUSA dBtenoixiatloa of N-GAM levela in control and 
bOP-l-treatad ceUs. NGIOS-IB cells were cultured for 3 dsys in X73 
Aftakfl in the absence and preflence of 40 Jig/tnl hOP-X. 1& ^ beforo a£aa>, 
cello WBTO sxibcultnrsd at the indicated dcnaitiea in po]>«iVlytinft<0*ted 
9&-w^ plaatic trtys, Cdllfl wftrt fiicftd And N-GAM lerele were detoi^ 
(pined by ELXSA naing mAb SBfl. Shon are tha mean optical deiisiti«9 
tnm duplicate samples of ceUs fnrn a rqpreaentative expenment that 
was repsated five tunes with similar regulta. 

respect to cell number, ttc cultaredNG108-15 cells at a density 
of 6,000-90,000 cells/well in d6-weIL mkrotiter platee and 
mBfisured levels of N-CAM. Fig. 2 indicates that the ELI5A 
liaear within $, tms^ of caU concentrations. This finding 

b Qf intftrest, because N-CAM levels increaee when N2A neu- 
roblastoma cells are plated at a high denMty, and conH itioned 
taedium from N2A nmiroblastoma cells increases N-CAM 
preaeion in N2A neuroblaatoma and 8T8 fibroblast cells (12), 
The obeervntion that N-CAM levels are linear vntli respect to 
N"G108-15 cell numbers auggesta that in contraBt to N2Ancu- 
roblaEtoxna cella, NG10&-16 cells do not produce an autocrine 
regulator of N-CAM expr^d^Oo. 

The EXiISA was also effective in demonstrating a large in- 
duction of N-CAM by hOP-1 (Pig. 2), allowing lis to U8fi this 
rapid technique for quantitatively ocreonin^ the effecte of the 
TGF-e superfamily and Other gro^rth factoira on the levels of 
N-CAM, None of the TGF-03 showed significant N-CAM-induc- 
ing actrrity (Fig. 3a); in contrast, the BMPs exhibited striking 
and differential ctmcentration-dependent induction of N-CAM 
(Fig. 2bh Because mAb 5B8 detects only two of the three rnqjor 
N-CAM iflOfbrms induced by hOP-1, the EUSA tended to un- 
derestimate the magnittide of N-CAM induction densonstrated 
by Woetem blot analysis (10), The potencies of the BMPs in 
inducing N-(2AM correlated with their structural Kamology. 
BMP-4 showed half-maximal effectiveness at a concentratian of 
^ppTxudmately 0J2 n^fxsA, The other member of thie subfamily, 
BMP-2, was the next most potent BMP (£Co9 ngtol). In 
contrast, BMP-5, BMP-6, and OP-1 did not significantly induce 
N-CAM at cOiiC^XXtyatioixfl lower than 1 ng/ml and eichibited 
equivalent effects at higher conceatratSons (EC50 --10 ng/ml). 
Western blot analysis confirmed theee results and demon- 
strated a comparable ordering of the BMPs in the induction of 
Li (Fig. 3c). The fact th^t the poteaicy of each BMP in inducing 
IgCAMa wa5 similar to that for promoting cell clustering pro- 
vides additional evidence thai the morphoregulatory actions of 
the BMPs in NG108~15 ceUe are mediated by the induction of 
N-CAM and LI. Activin-A, inhibin-A, NGF, and EGF did not 
ixxducs any of the major N-CAM isoforms or LI (Fig. 3c). 

BMP-2 and BMP-4 are 92% identical in the TGF-3 domain; 
similarly. BMP-5, BMP-6, and OP-1 (BMP-7) show $7^% 
amino acid sequence identity (7). These two BMP subgroups 
differ only slightly fi-om each other (57-61% identity), yet ohow 
a IQ'SO-fold difference in their potency for inducing N-CAM. 
Our reeulta iadicate that a receptor expressed in NG10&-15 
cells can discriminate a pmall difference in structure between 
the two BMP subgroups and fails to rocognize activin-A (41^ 
sequence identity with BMP-4), the TGF-0S (32-35% identity 



duce N-CAM m4 LI ^'^^ 

BMP*4)« axul iiiL ^B(22% Idantity BMP-4X Moreover, the 
same receptor apgi^^xo be rasponaible for the iiuhiction of 
both N-GAM and LX A csrafbl analysis of IgCAM-indudng 
activity and sequence homology among additional memhera of 
the T^-^ supexfamily may aBow a precba identxficatiDa of the 
molecolar responaible for <he actxvatkm ot thi& recep- 

toz: Laterestin^, dpp €£nd 60A, the DroeophUa hooiologs of the 
BMP*2/BMP-4 C7&% identity) and BMP-5/BMP-G/0PU (69- 
74% identity) snbfamilieat raapectxve^ (7, 20). did not induce 
N-^GAM ejqpreaaioa in NGIO8-I6 cells (not shown). This impUes 
that the region of the protein that differs only slightly between 
BMP-4 and dpp is particularly important for activating signal- 
ing along this pathway. 

Effect of Serum and Diverse Growth Factors on Cell MorphttU 
ogy and N-CAM Expression — Serum may contain factors that 
regulate IgCAM expression: growth in serum increases the ex- 
pression of N-CAM and decreases the erpreesion of LI in N2A 
neuroblastoma cells (12). Small increases in N-CAM expreasioii 
are also observed whm serum-&ee myotube cultures are incu- 
bated with serum or a variety of growth factors (21). Tb evalu- 
ate' vrtiether serum r^ulates the expression of N-GAM in 
NGlOS-15 ceUs. we cultured cells for 3 days in 96-weIl trays 
cOAtaimxxg serum-firee medium supplemented with 0.1-10% fe- 
tal bovine, newborn calf, or adult bovine sera. Fig, 4 demon- 
strates that these sera caused a concentration-dependent in- 
crease in the expression of N-CAM that was inversely 
proportional to the age o£ the donor. This developmental losa of 
N-OAM-'indudng activity in serum is consistent with previous 
observations that OP-1 and BMP gene expression dedines dui^ 
ing development (22, 23). The induction of N-CAM and Ll by 
^enua led to the formation of cell dusters and multilayered ceU 
aggregates; however, in contrast to hOP-1 (19), serum did not 
cause a smaU percentage of cells to extend natuitea (data not 
shown). Tlie presence in serum of thrombin, and related sub- 
stances that inhibit neuntogenesxs (24] may have oppoaed the 
neurite piumodng actions of N-CAM. 

The strong IgCXAM-inducing activity of the BMPs raises the 
question as to whether these proteins accoxmt for the IgCAM- 
inducing activity of scram. We addressed thia question in two 
ways. Fir«t, using the ELISA, we screened a large and diverse 
number of recombinant morphogens and cytokines for N-CAM 
inducing activity. Table I shows that amoT^g 40 growth factors, 
only the BMP$ exhibited significant K-CAM-inducing activity. 
The list of inactive fiactors is significant for the pre^eace of 
several peptides that promote the survival, differentiation, and 
morphogenesis of the brain and skeleton^ including NGF^ EGF^ 
plateletrderived growth fat±ot. fibwjbla^ t growth factor-4, inter- 
leukin-6, and lexikemia inhibitory factor (25, 26). Second, we 
asked whether the actions of serum and the BMPs are synei^ 
giatic or additive. NG108-15 cells were cultured for 3 days in 
serum-free medium supplemented with 0,1-10% fatal bovine 
serum in the absence and presence of 40 ng^ml hOP-1. Fetal 
bovine serum produced a concentration-depeodent increase in 
the levels of all three major isofonns of N-CAM and Ll (Fig. 
46); however, the u^duction of IgCAMs by hOP-1 was not po- 
tentiated by serum. In contrast, the N^CAM-inducing effects of 
aermn and TGF-^ are additive in NEB 3T3 cella (12). Although 
these experiments do not prove th^t BMPs a^e present in se- 
rum, they suggest that BMPs or factors that act similarly ac- 
count for part of the IgCAM-indudng activity of serum. 

Morphoregulatory and IgCAM'iTiducing Activity of the 
TOF-B Superfamily in ^{esenehymal and Ntuml Tissue— The 
morphoregulatory actions of the BMPs have been well charac- 
terized in hone (8>, however, an inxareasing body of data sug- 
gest b that these proteins play an important role in the devel- 
opment of the nervous system. Several of the BMPs exhibit 
unique spatial and temporal patterns of expression iu the de- 
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Fia. 3, £:irect of th« TGF-^ vnper- 
family <m N-CAM aixd Xa dpi USUiOXL. 
For ETiTHA determinatioii of K-CAM. 
NGlOS-16 ooUa were plated at 4.560 oOW 
wen ia 96^well p«lr-o-ljrsxae-coat£d pLa^ 
tic tTRjB and tncubaced for S days in the 

AbMli^fl ftUd praeanca of the zadicACed con- 
centr&tkma of TOF^« (A) And BMP^ Cff). 
Optical densities fen* oontrol vahi£fl dsiBr- 
mined oa the same tray were conzmlized 
to 1 and Tahiee for zaorpkog&A-treated 
c^n^ were expressed relative to coairol 
yshzea (ralative chazxge). 3hown ore Ute 
mean ± S.E. CA) dr the mean (B) ^uea 
frten three to four independant expeh- 
mentfi. C, NGlOd-lS cells wiere culttired 
in air-wBll toys for 3 days in the abeenee 
(Mntrol] and pre&enoe of 10 ngM of 
BMP-4. BMP-6. and 

hop- 1 and 40 nghni of »ctivinnA. TGF-pi, 
infaibis^AT n«rw growth factor (NGF). 
and epidermal growth factor (EGr). CeUe 
were hnrveetedt eolubilired in SDS 
aample buftei, and the proteins were sub- 
jected to immuuoblot acaiysis for N-OAM 
(H2S,123 mAb) and LI mAb). 
Shorm are rapresantattve unnumoblotB 
from an expenment thAt waa repeated 
threA tlmae with similar resultfi. The 
BizuGtural hamology of the TGF.^ aupcr- 
family is indicated by a map of amino add 
aeq\i.enQe identity in tha C-terminAl 
TGF-^ domain, reported by othen (7, 
20). 
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velopin^ nervous system, and some are known to be speaea 
homologues of developmental genes ixi Drosophila and Xsno- 
pus, (27, 28), BMP^ mRNA is expresaed transiently in the 
i^Mvplate of the diencephaJon a4]acent to Rathke*s pouch. 



where it ia speculated to play an inductive rolo during pituitary 
development (29). BMP-4 aleo atimvdates difTerentiation in 
PC12 ceUs (4). BMP-6 mRNA is expressed eeiectively in the 
roofplate adjacent to the forebrain and in celU adjacent to the 
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•.^i^'A,^*^ ^ Mrum <m K<:;AM «nd LI ttxpra««(oti in 
NGlftft-lS «aim. fl. NOlOa^lS mIIa ealtured in traya 
coAUimng senizD-free medium in the ftbgenoe and pr«Muc« of the in- 
dicated cxraisntratioafl of fetal bovine scrum, calf a^rw, a™i adult 
bovine serum. After 3 daye cells w«re eidgected to KLISA ftor N-GAM 
detennmatiao. Skftwn Art thd Aptifi^ d«iaiti« from A single eacperv 
niAAt that wttB pepcfited three tunes with abnilar ranlta. b, NG108-15 
cells wws cnltored for 3 dayn in ^wbU trays in senim-^^ medium 
aupplamented with 0 (control) to 10% fetal bovine senim in the aboenDe 
and ppwence of 40 u^^ml hOP-l. Cella were harvesMd and sotdeHed to 
imiuimoblot analyai* for N-CAM and LI, 3howxi l9 a rapraBentative 
autoradiograph from an ©xperinwnt tbat waa repeciced thrtc tSmca with 
similar rAAultA. 



floor plnte along the anterior-posterior netirsM (6, 29). 
BMP-e. BMP-6 DolBNa not d«t«sted in the brains of 
5-week post-natal and adult xnioe; howevor, OP-1 (BMP-7) 
mRNA ia present in both (2), suggesting that OP-1 may also 
play a role in the adult nervous Bystem. 

Other members of the TGP-^ snperfamily are alflo active in 
mesenchymal and neural cells. Activin induces N-CAM and 
stminiates chondroeenegia in developing limb buds (1$), but 
also inducee somatoetatia ixmnunorcactivity in dliary ^anrfioa 
neurons (30) and is a n^urOtial fiuivival factor (31). Dorsalin-l 
ia a novel member of the dppfVg'Ttletesd subfamily that ehovre 
55% sequence identity with BMP-4 and io eelectivoly expressed 
in dorsal regions of the neural tube (3). DorBalin-l promotM thft 
differentiation and migration of neural crest cells and inhibits 
the differentiation of motor neurona (S). Doraalin-l also induces 
alkaline phosphatase activity in W-20-17 osteoblast ceils (3), 
domonatrating that like OP-1, BMP-4, axid activin, dorsalin-l 
hae biological activity jn bone and in brain. 

It is unknown how most membora of the TGF p auperlamily 
produce their morphogenetic eiTecto. We hypothesize that eomo 
of these morphogen£ act in mesenchymal and neural tissue by 



Sffkui 0fgtv%ath faetora aad <ytakma an N-CAM exprt^sian 
Nj^y^lS oePfl wert caltaiBdm9ftWl tT«yn >w«>Tn c aerro ftcc 
la thfl abroca pre»eo« of 40 iigted of the iniWod ei^^ 
ftqto^ ^ qrtold aea. Aflter Z day* ceDa wot subjected to £USA for 
N^^Am datenninaljfln- Optical deoai^ 
onxhasttnetraywertaofanalizftdto LandTOhiAwf/^A*^ 

tested cells ware ezpreased relative to control vahiBa (relatiY« ODX 
ShoTOarethencfmaS^retetiveODvnhmafbrtha ^ 
trfrapmimsntB (parantbesefl). Kxiapt far the BMP^ 
«btotod^rfben the lactorK WTO tested a the^ 

activity (ED^ and ana t6ith of ED^ (oa listed In the masnfactnm 
gedfication ehcets). AU gnjwth hi±m and cytokines ofiod were mcom- 
tanant human Gxwpt TGF-^ (porcine), TGF-aS (dhicfcen) and TCP-BS 



(3rowUi factor (40 neftnl) 



BMP-6 
'BMP-6 
QP-l CBMP-7) 
Activin-A 

Ttanflfanning'' growth &ctor-^ 1 
Ibnaasfozntm; growth &ctor-^2 
l^ansfcvmiug growth £actoi>03 
^CVvna^bnning growth £actar-p5 
Inhibin-A 

Nerre growth fairtor (^ S) 
Fibroblast gitjwih facxcr-4 
Epidennal ^rawth factar 
Platalet-deriTod growth factor-AA 
Katckt-denved growth &qtor-BB 

PlatBlet^da-ived growth £ftCtOr*AB 

Interleuldn-la (Hy-la) 

Interlfloldn-l^ 

InterLeukin-2 

InterleiLldn-a 

Interieukin-4 

laterlenkin-B 

Interleti]cin-6 

InterleiiVin-7 

Intarleukin-S 

Intarleuldn-9 

Inter leu&in-lO 

lotarletikixH 11 
Interleufcin-1 ra 
laterleukin-T 

GRO o/melanoma growth-stifflulating activity 

Leukemia-inhibitory factor 

OnooQtatinM 

'nimor necrosis fsctorwi 

ISanoT necrOeia factOi*^ 
Macrophage inilammatoiy protein-la 
MaaTjphage inflammacoiy pTtitein-l^ 
MQnoe3^ chemotarric protein- 1 
fiANTES (regulated activation* nonnal T-K»n 
ezpreased and pre^v^ably eecrated) 



BelatiTeOD. 
mtaa * S£.</i) 

6.01 ± 0,66 (5) 
6^ * l.afi (5) 
4,93 A 2.03 (2) 
4.43 a: 0^4 (5) 
6^0 S 1.69 (4) 
0.99 1 0.0fi (5) 
1-05 ± 0,02 (3) 
0.91 4 0.07 (4) 
L06 2 0^0 (3) 
0.39 * 0.07 (3) 

1.01 ± 0.06 (5) 

* 0.06 m 

0^8 0 Jfi (2) 
O.»5i0a0(4) 
1.09 ;t 0.04 (2) 
1-09 a; 0.12 (2) 
L0a±0.26 (2) 
0.89 * 0,09 (2) 
0,81 i 0.00 (1) 

1.02 a 0,02 (2) 
LOO * 0^ (2) 
1.09 * 0.0€ (2) 
0.93 :t 0.13 (2) 
0.8(3*0.10 (a) 
0^0 ± 0.02 (2) 
0.83 i 0.11 (2) 
0.91x0,10 (?) 
0.91 - 0.07 (2) 
0.fiO X 0.03 (2) 
L04 ± 0.09 (2) 
LOO* 0.07(2) 
1.06 * 0.16 (2> 
LIS* 0.05 <2) 
0.78 :£ 0.20 (2) 
0.90*0.15(2) 
0.83 ±0,06 (2) 
0.S9 « 0.13 (2) 
0.92^0.17 (2) 
0. W 3 0-30 (2) 
0.87 ± 0.07 (2) 



inducing the expression of IgCAMs at critical periods in devel- 
opment £ind tissue repair. OP-1 stimulates endochondral bone 
formation (16), and N-CAM is transiently eicpresaed in oatoo- 
blastfi daring inCramembran<)u£ and endochondral bone forma- 
tion (32). it i© tiAt yet known whether the induction of IgCAMs 
mediates the oeteogenic actions of the BMPs w the neural 
actions of doroalin and the BMP$. However, it is possible that a 
conserved signaling pathway couples some members of the 
T0¥*'/3 superfimily to the induction of IgCAMs ia meeencHy- 
mal and neural cells, with different, tissue-specific effects. 
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